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A potentially large top quark electric dipole moment (dt), induced at the one–loop level via the
anomalous tbW coupling with both left– and right–handed complex components, is explored in a
Higgsless scenario using the electroweak chiral Lagrangian approach. By considering the current
bounds on the left– and right–handed parameters from B meson physics, it is found that dt may
be as large as 10−22 e·cm, which is about 8 orders of magnitude larger than the standard model
prediction.
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The forthcoming years will see a vigorous boost in the theoretical interest and experimental scrutiny of the top
quark. Specifically, the top priority at the Large Hadron Collider (LHC) is the study of the top quark fundamental
properties, and further studies are planned at the next linear collider (NLC) via top quark pair production. Interesting
experimental and theoretical prospects are open due to the fact that the top quark is very heavy. On the experimental
side, due to its huge mass, the top quark rapidly decays into a bW pair almost exclusively before any hadronization
takes place, which allows one to examine its properties without the presence of any unwanted QCD effects, which
invariably swamp the processes involving the light quarks. This peculiarity potentially facilitates the scrutiny of the
top quark electromagnetic properties, thereby opening the possibility of detecting a nonvanishing CP–violating electric
dipole moment (EDM). Much work has gone into studying the electric or weak dipole form factors of the top quark
and the so induced CP violation. Along these lines, several studies on CP violation in t¯t production have been pursued
in the context of hadron [1], e+e− [2], and γγ [3] colliders. On the theoretical side, the special role played by the tbW
coupling suggests that it may possess relevant information concerning the mechanism responsible for the electroweak
symmetry breaking. The role that the tbW coupling might play in a scenario in which the Higgs mechanism is not
realized in nature has been examined by several authors [4] through diverse phenomenological studies based upon the
nonlinear realization of the standard model (SM) or the so–called electroweak chiral Lagrangian (EWCL) approach
[5]. In particular, a general tbW coupling including both left– and right–handed complex components would constitute
a potentially important source of CP violation in diagonal processes, such as the EDM of elementary particles, which
would be extremely suppressed as predicted by the SM. In fact, in the SM the Cabbibo–Kobayashi–Maskawa (CKM)
phase is the only source of CP violation, which seems to be the origin of some nondiagonal processes observed in K
and B meson physics [6]. Several studies [7] show, however, that the CKM phase has a rather marginal impact on
flavor–diagonal processes, such as the EDM of the top quark, which is predicted by the SM to be of the order of 10−30
e·cm as it arises first at three loops [8]. Despite its suppression in the SM, the top quark EDM can be significantly
enhanced in a broad class of beyond the SM extensions. For instance, studies within the context of multi–Higgs
models [9] have shown that the top EDM may be several orders of magnitude larger than the SM prediction.
In this brief report, we are interested in estimating the size of the top quark EDM due to the presence of an
anomalous tbW coupling possessing both left– and right–handed complex components. We can think of this new
source of CP violation as arising from the mechanism that may also be responsible for the electroweak symmetry
breaking, which can be appropriately parametrized using the EWCL approach. In this formulation of the electroweak
theory, the most general expression for the tbW coupling includes operators of up to dimension five [10], but we will
concentrate only on the renormalizable one as it is expected to give the dominant contribution to the top quark EDM.


















FIG. 1: Feynman diagrams contributing to the on–shell t¯tγ vertex.
This coupling induces an EDM dt for the top quark through the Feynman diagrams shown in Fig. 1, where all
the particles are taken on-shell. After some calculation via the unitary gauge, one can extract the coefficient of the
iγ5σµνq










R) (QWFW (xb, xW ) +Qb Fb(xb, xW )) , (2)
with xi = mi/mt, Nc = 3, Qb = −1/3, and QW = −1. The FW and Fb functions stand for the contribution of the
Feynman diagram where the photon emerges from the W boson and the b quark line, respectively. They are given by
FW (xb, xW ) =
(
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It should be noticed that this result is free of ultraviolet divergences, which is due to the fact that the considered
anomalous tbW vertex has a renormalizable structure.
We turn now to discuss our results. Once Eq. (2) is numerically evaluated, one obtains
dt
Im (aLa∗R)
= (3.08− 5.73)× 10−19 e · cm,
= −2.65× 10−19 e · cm, (6)
where the positive (negative) contribution corresponds to the the Feynman diagram where the photon emerges from
the boson (quark) line. It should be mentioned that dt develops an imaginary part, which is almost twice larger than
the real one. The appearance of an imaginary (absortive) part is not usual in the static electromagnetic properties
of light particles, but in this case it arises as a consequence of the fact that, being the top quark the heaviest known
particle, mt > mW +mb. On the other hand, it is customary to express the left– and right–handed parameters as
follows:




with κL,R and φL,R real parameters. It follows that
Im(aLa
†
R) = −κRsinφR + κLκRsin(φL − φR). (9)
3Constraints on the size of these parameters have already been reported in the literature. In Ref. [11], the data from
the B meson physics were used to impose the following limits:
|κLsinφL| < 3× 10−2, (10)
|κR sinφR| < 10−3, (11)
whereas the CLEO Collaboration data have been used [12] to bound the right–handed coefficients:
|κRcosφR| < 4× 10−3, (12)
|κRsinφR| < 10−3. (13)
On the other hand, current CP conserving data allows κL to be as large as 0.2 [13]. As far as the κR parameter
is concerned, it seems to be more suppressed that the corresponding left–handed one, as suggested from Eq. (12)
and also from the result obtained in Ref. [14]: κR < 10
−2. Bearing these constraints in mind, we will explore two
scenarios. In the first scenario we will consider vanishing κL = 0 and φL, whereas in the second one a vanishing φR
will be considered. The former scenario allows us to obtain the estimate
|dt| . 2.65× 10−22 e · cm, (14)
whereas the latter scenario leads to
|dt| . 7.95× 10−23 e · cm. (15)
In this case, the constraint κR < 10
−2 was also used.
It is worth comparing our results with those obtained in the framework of other theories. As already mentioned, in
the SM the top quark EDM arises first at three loops and it has been estimated to be of the order of 10−30 e·cm [8].
Beyond the SM, the top quark EDM has received considerable attention. For instance, in multi–Higgs models, values
for dt lying in the range 10
−20 − 10−21 e·cm have been estimated [9]. We can conclude that our prediction, which is
compatible with the constraints imposed by B meson physics, is about one or two orders of magnitude smaller than
those from multi–Higgs models and eight orders of magnitude larger than the SM value.
In closing, we would like to remark that the off–shell t¯tV ∗ couplings, with V = γ, Z far beyond the mass shell,
will play an important role in the study of the EDM [dγt (q
2)] and weak EDM [dZt (q
2)] form factors of the top quark
through t¯t production at the NLC. However, as is the case of the off–shell WWV ∗ couplings [15], these form factors
turn out to be gauge–dependent when calculated with the conventional quatization schemes. Their study require thus
the use of more sophisticated quantization methods, such as the pinch technique [16] or the background field method
[17]. Nonetheless, the study of the static top quark EDM, being gauge–independent, is important as allows us to
estimate the sensitivity of this particle to new sources of CP violation, which might be eventually detected at the
NLC.
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